Cardiovascular disease has been associated with 40% of deaths in high-income countries and 28% in lower-income countries. The relationship between periodontitis and acute myocardial infarction is well documented, but it has not been established whether the extent and severity of periodontitis influence the infarct size. This cross-sectional and analytic study was designed to investigate the association of chronic periodontitis extent and severity with acute myocardial infarct size as indicated by serum cardiac troponin I and myoglobin levels. Sociodemographic, periodontal, cardiologic, and hematologic variables were gathered in 112 consecutive patients with myocardial infarction. The extent (Arbes Index) and severity (Periodontal Inflammatory Severity Index) of the chronic periodontitis were significantly associated with troponin I levels after controlling for sociodemographic and clinical confounders (change in R 2 = .041, p < .02, and R 2 = .031, p = .04). However, only the extent index accounted for levels of myoglobin (change in R 2 = .030, p < .05), total leukocytes (change in R 2 = .041 p < .02), and neutrophils (change in R 2 = .059, p < .01). Mediated regression analysis showed that leukocytes and neutrophils may underlie these observed relationships of chronic periodontitis with troponin I and myoglobin. To our knowledge, this study contributes the first research data demonstrating that the extent and severity of periodontitis is positively associated with acute myocardial infarct size as measured by serum troponin I and myoglobin levels.
t wo prevalent and related health problems-chronic periodontitis (CP) and acute myocardial infarction (AMI)-were evaluated in this cross-sectional and analytic study. Cardiovascular disease (CVD) has been associated with 40% of deaths in high-income countries and 28% of those in low-to mediumincome countries. It has been estimated that by 2030, 32.5% of deaths will be caused by CVD, especially AMI (Gaziano and Gaziano, 2012) . According to a U.S. survey, CP affects around 35% of the adult population, and moderate to advanced forms of the disease are present in 13% to 15% of adults (Albandar et al., 1999) , with an even higher prevalence among the elderly (Eke et al., 2012) .
The size of the myocardial infarction is key to the final outcome of the patient (Antman et al., 1996) , and the gold standard biomarkers for its estimation are troponins (cTnI and cTnT; Thygesen et al., 2010) . cTnI is considered more reliable than cTnT as a risk stratification index (Keller et al., 2009) , and a worse mortality rate was reported in patients with higher serum cTnI levels after adjusting for ST segment depression and age (Antman et al., 1996) . Myoglobin (Myo) is a nonspecific myocardial necrosis marker that appears in the first 1 to 3 hr postinfarction. The determination of serum Myo and cTnI levels helps to predict an adverse AMI outcome and may be useful for an early AMI diagnosis (Sanchis et al., 2003) .
Periodontitis is an infectious disease that affects the tooth-supporting tissues and exhibits a wide range of clinical, microbiological, and immunologic manifestations. It is associated with and probably caused by a multifaceted dynamic interaction of specific infectious agents, host immune response, harmful environmental exposure, and genetic susceptibility factors (Slots, 2013) . A moderate but significant association has been found between CP and CVD (Mattila et al., 1989; Beck et al., 1996) , while cross-sectional and casecontrol studies have reported that periodontitis is epidemiologically associated with acute coronary syndrome and AMI (Arbes et al., 1999; Cueto et al., 2005; Bahekar et al., 2007) . However, the underlying mechanisms have not been elucidated, and no data are available on the relationship between CP extent or severity and AMI size.
An elevated peripheral blood leukocyte (Lk) count is linked to a higher incidence of coronary heart disease and mortality in the general population. During the first few hours after an AMI-with ST segment elevation (STEMI) or without (NSTEMI)-the total Lk count is an independent predictor of long-term mortality (Núñez et al., 2005) . The Lk count has been associated with the extent of atherosclerosis (Kostis et al., 1984) , while the migration of Lk to atheromata may cause plaque instability (Libby et al., 2002) . The relationship of Lk count and periodontitis with the presence of AMI is well documented (Renvert et al., 2010) .
Neutrophils, a key protective cell type in noninflamed periodontal tissues, have been described as a 2-edged sword, because their overactivity can produce tissue damage and prolong the extent and severity of inflammatory periodontal disease (Scott and Krauss, 2012) . Elastase and cathepsin G are the main microbiocidal enzymes of neutrophils, and their activity was significantly correlated with AMI in CP patients. Salivary elastase activity was significantly associated with periodontitis (Mantyla et al., 2012) , and both enzymes can trigger the coagulation cascade, activate platelets, and enhance vascular thrombus growth (Massberg et al., 2010) . In this regard, increased platelet activation has been reported in CP patients (Papapanagiotou et al., 2009) .
The contribution of periodontitis-associated systemic inflammation to other classic CVD risk factors is not fully known. Thus, no published study has addressed the relationship of the extent and severity of CP with AMI size. The objective of this investigation was to determine the association of CP extent and severity with AMI size as indicated by cardiac cTnI and Myo levels.
MAtErIAls & MEthODs
This cross-sectional and analytic study included 112 consecutive AMI patients who underwent diagnostic coronary angiography at the "Virgen de las Nieves" University Hospital of Granada (Spain) between July and December 2012. AMI was defined by cardiac necrosis markers (cTnI and Myo), typical ECG changes (STEMI and NSTEMI), and characteristic clinical symptoms. The inclusion criterion was the presence of AMI. Exclusion criteria were as follows: the presence of cancer, AIDS, or infectious or autoimmune disease; a history of chronic antibiotic therapy; recent treatment with corticoids or nonsteroidal anti-inflammatory drugs; renal failure (creatinine > 1.5 mg/dL); a history of trauma; and current receipt of periodontal treatment. Data were gathered on age, sex, marital status, personal medical history (diabetes, hypertension, dyslipidemia, and body mass index), and smoking habit. The study was performed according to the STROBE guidelines for cross-sectional studies. Approval was obtained from the ethics committee of our hospital, and informed consent was signed by each patient. Patients were treated in accordance with the Helsinki Declaration of 2008.
periodontal Examination
Bedridden patients underwent dental examination on the fourth day after discharge from the intensive care unit. All oral clinical examinations were performed by a single periodontal specialist (R.M.) blinded to the clinical, cardiology study, and hematologic data of the patients. Intra-and interexaminer reliability (F.M.) was assessed by the kappa statistic, which was 0.78 and 0.82, respectively, demonstrating a high degree of conformity in the observations. A calibrated PCPUNC15 periodontal probe (Hu-Friedy, Chicago, IL, USA) was used to measure attachment loss at 6 sites per tooth, excluding third molars. The extent of periodontal disease was measured by a slight modification of the Arbes index (Arbes et al., 1999) , considering the percentage of sites with attachment loss of 4 mm or more and categorizing patients as follows: 0% = no periodontitis, >0%-33% = mild periodontitis, >33%-67% = moderate periodontitis, and >67% = severe periodontitis.
We also calculated a novel index derived from periodontal variables designated the Periodontal Inflammatory Severity Index (PISI), a modification of the Periodontal Index for Risk of Infectiousness (PIRI; Geerts et al., 2004) , to quantify the severity of the periodontal disease. The PISI was designed to overcome the fact that the PIRI does not consider pockets with probing depth of 4 mm, even when the number of these pockets is of clinical relevance. PISI was defined as the sum of the product of the number of sites and the clinical attachment loss at each site: PISI = 1/(t + 1)∑ d i n i , where i is the site, d is the attachment loss in millimetres, t is the number of remaining teeth, and n is the absolute frequency of the sites. We also measured the plaque index (O'Leary et al., 1972) and bleeding index (Ainamo and Bay, 1975) .
cardiology study and hematologic Measurements
Coronary angiography (Buhlin et al., 2011) was used to determine the presence of coronary artery disease. The diagnostic coronary angiography and echocardiogram for each patient were analyzed by an experienced interventional cardiologist (J.A.R.-H.) blinded to the clinical, biological, and dental data. A peripheral blood sample was drawn into EDTA-containing tubes from each patient upon arrival in the emergency department and was analyzed in the clinical chemistry laboratory for standard Lk and neutrophil counts and peak cTnI and Myo values. All parameters were evaluated upon the patient's arrival at the emergency unit and at 6, 8, 12, and 18 hr, recording the maximum cTnI peak. cTnI elevation was defined by an increase of >1 ng/ mL (upper normal limit). cTnI was determined with a chemiluminescent immunoassay supplied by Beckman Coulter Inc. (Brea, CA, USA), which establishes a sensitivity of 96% and a specificity of 94% for a cutoff value of 0.50 ng/mL. Myo elevation was defined by an increase of >70 ng/mL at any measurement time point.
statistical Analyses
In this cross-sectional study, we used linear regression and mediated linear regression to disentangle the associations between indicators of AMI size (cTnI and Myo) and indices of CP extent (Arbes) and severity (PISI). Lk and neutrophil counts were potential mediators of the association between CP and AMI size. Age, sex, hypertension, diabetes mellitus, dyslipidemia, body mass index, and smoking habit were considered as potential confounders. The effect of these confounders on the association between the periodontal indices and outcomes was analyzed by hierarchical linear regression, introducing the confounders in the first regression model and the predictors (Arbes or PISI index) in the second. R 2 change served to indicate the improvement in AMI size prediction when the periodontal index was introduced as a predictor in the second linear model. The adjusted R 2 was used to evaluate the predictive ability of the first model (confounders alone) and the second (confounders + periodontal index), separately assessing each periodontal index for each outcome and mediator. Next, the direct and indirect effects of the CP on AMI size were estimated by mediated multiple regression (MacKinnon et al., 2007; Preacher and Hayes, 2008) . Regression residuals were analyzed to examine normality and outliers. Mediated regression modeling was performed with the bias-corrected and accelerated (BCa) bootstrapping procedure implemented by Hayes's PROCESS macro tool (http://www.afhayes.com). We ran 5,000 bootstrapping samples to estimate the statistical significance of the effects. When necessary, variables were log-transformed to improve normality fitting. The chi-square exact test was applied to determine the significance of differences among the categories of categorical variables. SPSS 20.0 was used for the statistical analysis.
rEsults
Sociodemographic, clinical, and biochemical results for the 112 AMI patients in the study are exhibited in Table 1 . The sample largely comprised overweight married males around 60 yr of age with primary schooling and hypertension. STEMI was the most frequent AMI type. cTnI and Myo levels were higher in STEMI patients versus NSTEMI patients (51.54 vs. 23.15, p < .001; 840.64 vs. 492.20, p = .001, respectively) and in males versus females (43.170 vs. 28.95, p = .045; 806.98 vs. 203.40, p = .003, respectively). Myo levels were higher in patients with a history of hypertension versus those without (829.69 vs. 494.48, p = .045). No other significant effects were observed. Of the 112 patients studied, 73 (65.18%) had periodontitis; 59 (80.82%) had a probing depth of 4 to 6 mm; and 14 (19.18%) had pocket depths of 7 to 9 mm. As expected, because of the PIRI limitation mentioned above, only 48% of patients showed periodontitis according to this index. PISI correlated with PIRI (r = .72, p < .05). Bleeding index scores were related to cTnI and Myo levels (r = .21, p < .025; r = .19, p < .05, respectively) but not to Lk or neutrophil levels (r = .09, p = .34; r = .13, p = .18, respectively) and were therefore excluded from further analysis.
Given that the confounders were in general associated with the outcomes (cTnI and Myo) rather than with the predictors or potential mediators, a mediation regression model was tested in which confounders were linked to the 2 outcomes.
Hierarchical linear regression (Table 2) showed that after the removal of confounding effects (Model I), the addition of the Arbes index (Model II) improved the prediction of cTnI levels by 4.1% (R 2 change = .041, β = 0.005, p = .018, whole-model adjusted R 2 = .21, F[11, 100] = 3.65, p < .001). Similar results were observed for Myo levels (R 2 change = .03, β = 0.004, p < .05, whole-model adjusted R 2 = .176, F[11, 100] = 3.16, p = .001), total Lk counts (R 2 change = .047, β = 0.001, p = .018), and neutrophil counts (R 2 change = 0.059, β = 0.001, p < .01, whole-model adjusted R 2 = .098). ST elevation and sex significantly contributed to the predictions of the levels of cTnI (β = 0.491, p < .001; β = -0.277, p = .051, respectively) and Myo (β = 0.363, p = .001; β = -0.43, p = .003). Hypertension also contributed to the prediction of Myo levels (β = 0.215, p = .047). However, these factors made no significant contribution to the prediction of Lk or neutrophil counts. Figure 1 depicts the changes in the prediction of biochemical variables with the introduction of the CP extent and severity indices as predictors.
Given that only CP extent significantly accounted for variations in biochemical variables, the mediated regression analysis was restricted to the CP extent index, in which the significant CP-cTnI direct relationship became nonsignificant (c′ = 0.0024, p > .21), but the total indirect effect (mediated by Lk and neutrophil counts) was significant (estimated effect, 0.0026; BCa 95% confidence interval [CI]: 0.0011, 0.0045; Figure 2) . Specifically, the indirect pathway was significant for the total Lk count (0.0016, BCa 95% CI: 0.0005, 0.0036) but not for the neutrophil count (0.0009, BCa 95% CI: -0.0001, 0.0028). The whole mediated model accounted for 40.88% of the cTnI variability (23.17% when ST elevation and the remaining covariates were removed, in which case neutrophil mediation also become significant).
Myo serum levels were also indirectly related to CP extent (estimated indirect effect of 0.0025, BCa 95% CI: 0.011, 0.0045). Mediated regression results indicated that the total neutrophil count rather than the Lk pathway significantly mediated the CP-Myo relationship (0.0014, BCa 95% CI: 0.0003, 0.0030; 0.001, BCa 95% CI: 0.0000, 0.0032, respectively). The whole mediated model accounted for 36.95% of the Myo variability (19.32% if no account is taken of ST elevation or remaining covariates; Figure 3 ). 
DIscussIOn
Three main findings were obtained in this study of AMI patients. First, cTnI and Myo levels were positively associated with indicators of the extent and severity of CP. Second, increased Lk and neutrophil counts were significantly associated with the extent of CP but only marginally associated with its severity. Finally, only the indirect pathway from CP to cTnI/Myo proved significant when these 2 general inflammatory markers were introduced as mediators in a mediated regression analysis, indicating a potential influence of CP extent on AMI size through inflammation. The mediated regression analysis results showed that the Arbes CP extent and PISI CP severity significantly predicted cTnI levels (infarct size). Although Myo is less specific than troponin as a biomarker of myocardial necrosis, both were used in the present study because the elevation of both markers offers a better prediction of patients with NSTEMI and is associated with a higher final troponin peak, indicating an infarct of larger size (Sanchis et al., 2003) . cTnI is also a useful marker for estimating infarct size in patients with STEMI (Vasile et al., 2008) . Thus, its determination within 96 hr was positively correlated with infarct size, as estimated with imaging techniques such as positron-emission tomography and contrast-enhanced magnetic resonance imaging, allowing a faster assessment of the prognosis of these patients Steen et al., 2006) .
The relationships between CP and cTnI and between CP and Myo were mediated by the total Lk count after taking ST elevation and classic AMI factors into account. Mediated linear regression analysis (MacKinnon et al., 2007) reveals whether an observed relationship between 2 variables (e.g., CP and cTnI) can be accounted for, by assuming that it depends on a third variable-that is, a mediator (e.g., total Lk or neutrophil counts). As in ordinary linear regression, when causality conditions are met, variations in the potential causal agent cause some degree of the observed variability in the outcome. Given that CP develops over years whereas cTnI and Myo increase early after AMI onset, the observed relationship cannot be in the opposite direction-that is, an increase or decrease in cTnI or Myo can be caused by direct or indirect effects of the degree of CP on the outcome variable but not vice versa. Thus, the above results indicate that CP-cTnI and CP-Myo relationships may be mediated by total Lk and neutrophil counts and that ST elevation and classic risk factors exert an influence on the outcomes (cTnI or Myo) but not, in our sample, on the mediators (Preacher and Hayes, 2008) .
Total Lk and neutrophil counts are strongly associated with infarct size. Lks are attracted to necrotic foci (Chia et al., 2009), and Friedman et al. (1974) and Núñez et al. (2005) demonstrated the predictive value of Lks in AMI. Other authors described the Lk count as a simple, reproducible, and lowcost procedure offering valuable prognostic information for CVD patients (Giugliano et al., 2010) . The Lk count was found to be higher with a greater degree of CP, while high endothelial venules in inflamed gingiva, not seen in healthy gingiva, were proposed as sites for Lk migration and recirculation in inflamed periodontal tissues (Wynne et al., 1988) . Finally, a large predominance of neutrophils over lymphocytes in transendothelial migration has been demonstrated in patients with CP (Kasprzak et al., 2013) . The mean Lk count in the present patients (10.73 ± 3.9 [×1,000 µL]) was higher than reported by other authors (Renvert et al., 2010) , and the neutrophil count was 71%, above the normal range of 42% to 52%. The relationship between white cell count and myocardial infarction in periodontal disease was first demonstrated in 1993 (Kweider et al., 1993) and has been reported in subsequent studies (Loos et al., 2000; Monteiro et al., 2009) . The association between the Lk count in periodontitis and greater cardiovascular risk has been attributed to the higher activity in periodontal patients of platelets and Lks, forming platelet-Lk complexes that may contribute to increasing atherothrombotic activity ). In the present study, CP extent (Arbes) and severity (PISI) indices were positively correlated with peripheral blood Lk and neutrophil counts. Neutrophil counts have been related to the extent of atherosclerosis (Kostis et al., 1984) and to the destabilization of atheromatous plaque (Massberg et al., 2010) . A wide study in humans demonstrated a positive correlation between the number of circulating neutrophils and the risk of a cardiovascular event (Guasti et al., 2011) .
The contribution of periodontitis-associated systemic inflammation to other classic CVD risk factors is not fully known. Thus, no published study has addressed the relationship between the extent or severity of CP and AMI size. In this paper, we compared 2 clinical indices of CP with biomarkers of cardiac necrosis; however, further studies of crevicular fluid markers related to CP intensity would be needed to verify these novel findings. It is also necessary to follow up periodontal patients who have suffered an AMI to determine whether they have a worse clinical evolution (e.g., new coronary event, heart failure, death). If this proves to be the case, it might be possible to consider periodontitis as a predictor of AMI development and to propose its inclusion in risk stratification scores (TIMI and GRACE risk scores).
Study limitations include the observational design and relatively small sample size. Although statistically significant, the variability of the studied markers was low, and the results should be interpreted with caution. It would also have been useful to determine other markers of inflammation and cell activation to complement the present results. Further studies are required to verify our hypothesis that periodontal disease may be a mortality risk factor and may play an important role in the prognosis of AMI. cOnclusIOn To our knowledge, this study contributes the first research data showing that the extent and severity of periodontitis is positively associated with AMI size as measured by serum troponin I and Myo levels.
